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(54) PISTON RING

(57) An outer circumferential surface of a piston ring
has a cut surface forming a notched portion between an
outer circumferential end surface and a lower surface,
the cut surface including a first surface between the outer
circumferential end surface and a bottom portion, and a
second surface between the bottom portion and the lower
surface. The second surface is inclined away from a cen-
tral axis of the piston ring as it extends toward a crank
chamber side, an angle of inclination of the second sur-
face with respect to the bottom portion being greater than
or equal to 50° and less than or equal to 85°. When an
axial width of the piston ring is h1 and a distance in an
axial direction between a connecting portion between the
cut surface and the outer circumferential end surface and
a connecting portion between the cut surface and the
lower surface is H, H/h1 is greater than or equal to 0.2
and less than or equal to 0.4.
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Description

TECHNICAL FIELD

[0001] The present invention relates to a piston ring.

BACKGROUND ART

[0002] An internal combustion engine mounted on a
general automobile adopts a configuration in which three
piston rings formed by combining two compression rings
(pressure rings) including a top ring and a second ring
and one oil ring are provided on a piston fitted in a cylin-
der. These three piston rings, i.e., the top ring, the second
ring and the oil ring in order from an upper side (combus-
tion chamber side), are mounted in ring grooves formed
on the outer circumferential surface of the piston, and
slide on the inner wall surface of the cylinder. The oil ring
farthest from a combustion chamber has an oil sealing
function of suppressing the outflow of oil to the combus-
tion chamber side (oil rise) by scraping off excess engine
oil (lubricating oil) adhered to the cylinder inner wall sur-
face to a crank side, and a function of preventing seizure
of the piston associated with operation of the internal
combustion engine by adjusting an amount of oil so that
a lubricating oil film is appropriately held on the cylinder
inner wall surface. The compression rings have a gas
seal function of suppressing the outflow (blow-by) of com-
bustion gas from the combustion chamber side to the
crank chamber side by maintaining airtightness, and an
oil sealing function of suppressing the oil rise by scraping
off excess oil that has not been completely scraped off
by the oil ring. By such a combination of the piston rings,
reduction of blow-by gas and oil consumption in the in-
ternal combustion engine is achieved. In addition, it is
known that oil scraping performance is improved by form-
ing the second ring as a scraper ring in which a stepped
notch (undercut) is formed in a lower portion on the outer
circumferential side (for example, Patent Literature 1).

Citation List

Patent Literature

[0003]

Patent Literature 1: JP 2003-113940 A
Patent Literature 2: JP 2020-193666 A
Patent Literature 3: WO 2016/121483 A1

SUMMARY OF INVENTION

TECHNICAL PROBLEM

[0004] However, in an internal combustion engine in
which a conventional piston ring having an undercut is
assembled, on a downward stroke of a piston, a part of
oil on a cylinder inner wall may flow on a surface of the

undercut to hit a chamfered portion of a ring groove
formed in the piston, and may flow into a space between
a lower surface of the piston ring and a lower wall surface
of the ring groove. Such oil may flow out to a combustion
chamber side, which could increase oil consumption.
[0005] The present invention has been made in view
of the above-described problem, and an object of the
present invention is to provide a technique capable of
reducing oil consumption of an internal combustion en-
gine in a piston ring having an undercut shape.

SOLUTION TO PROBLEM

[0006] In order to solve the above-mentioned problem,
the present invention adopts the following means. That
is, the present invention provides a piston ring mounted
on a piston of an internal combustion engine, the piston
ring comprising: an outer circumferential surface provid-
ed on an outer circumference of the piston ring; an inner
circumferential surface provided on an inner periphery
of the piston ring; an upper surface facing a combustion
chamber side in the internal combustion engine among
axial end surfaces of the piston ring; and a lower surface
positioned on a crankcase side in the internal combustion
engine among the axial end surfaces of the piston ring;
wherein

the outer circumferential surface includes: an outer
circumferential end surface including an outer cir-
cumferential end that is the largest diameter in the
piston ring in a cross section orthogonal to a circum-
ferential direction of the piston ring; and a cut surface
connecting the outer circumferential end surface and
the lower surface so as to form a notch extending in
the circumferential direction of the piston ring be-
tween the outer circumferential end surface and the
lower surface;
the cut surface includes: a bottom portion of the cut
surface that is positioned at an innermost side in a
radial direction of the piston ring; a first surface pro-
vided between the outer circumferential end surface
and the bottom portion and facing the crank chamber
side; and a second surface provided between the
bottom portion and the lower surface and facing out-
ward in the radial direction;
the second surface is inclined away from a central
axis of the piston ring as it extends toward the crank
chamber side;
an angle of inclination of the second surface with
respect to the lower surface in a cross section or-
thogonal to the circumferential direction of the piston
ring is greater than or equal to 50° and less than or
equal to 85°; and
when an axial width of the piston ring is h1 and a
distance in an axial direction between a connecting
portion between the cut surface and the outer cir-
cumferential end surface and a connecting portion
between the cut surface and the lower surface is H,

1 2 



EP 4 450 795 A1

3

5

10

15

20

25

30

35

40

45

50

55

H/h1 is greater than or equal to 0.2 and less than or
equal to 0.4.

[0007] According to the piston ring of the present in-
vention, a part of the oil scraped off by the piston ring
flows along the slope of the second surface, so that the
part of the oil can easily escape to the outer circumfer-
ential side of the piston ring and drop to the crank cham-
ber side. Thus, the oil is prevented from flowing into the
space between the lower surface of the piston ring and
the lower wall surface of the ring groove.
[0008] In addition, in the present invention, when a dis-
tance in the radial direction of the piston ring between
the connecting portion of the cut surface and the outer
circumferential end surface and the connecting portion
of the cut surface and the lower surface is D, the distance
D may be set such that 0.2 mm ≤ D ≤ 0.6 mm.
[0009] Also, in the present invention, the first surface
may be inclined to be away from the crank chamber as
it extends inward in the radial direction of the piston ring,
and an angle of inclination of the first surface with respect
to the lower surface in the cross section orthogonal to
the circumferential direction of the piston ring may be
less than or equal to 30°.
[0010] Moreover, in the present invention, the cut sur-
face may include the bottom portion and a third surface
connecting the first surface and the second surface, the
third surface may be curved in a concave shape, and a
radius of curvature of the third surface may be greater
than or equal to 0.05 mm and less than or equal to 0.2 mm.
[0011] Further, in the present invention, the cut surface
may further include a lower R surface connecting the
second surface and the lower surface, and a radius of
curvature of the lower R surface may be greater than or
equal to 0.01 mm and less than or equal to 0.2 mm.
[0012] Furthermore, in the present invention, in an in-
ternal combustion engine in which a plurality of compres-
sion rings are mounted on a piston, one among the plu-
rality of compression rings may be formed as a second
ring mounted at a second position from a combustion
chamber side.

ADVANTAGEOUS EFFECTS OF INVENTION

[0013] According to the present invention, it is possible
to further reduce oil consumption of an internal combus-
tion engine in a piston ring of an undercut shape.

BRIEF DESCRIPTION OF DRAWINGS

[0014]

FIG. 1 is a cross-sectional view illustrating a part of
an internal combustion engine including a second
ring according to an embodiment.
FIG. 2 is a cross-sectional view for explaining an
outer circumferential surface of the second ring ac-
cording to the embodiment.

FIG. 3 is a cross-sectional view of the vicinity of the
second ring when a piston is on a downward stroke
in the internal combustion engine according to the
embodiment.
FIG. 4 is a cross-sectional view of the vicinity of a
second ring when a piston is on a downward stroke
in an internal combustion engine according to Com-
parative Example 1.
FIG. 5 is a cross-sectional view for explaining an
outer circumferential surface of a second ring ac-
cording to a modification of the embodiment.
FIG. 6 is a cross-sectional view of a second ring ac-
cording to Comparative Example 2.
FIG. 7 is a cross-sectional view of a second ring ac-
cording to Comparative Example 3.
FIG. 8 is a graph illustrating analysis results of the
amount of oil outflow.
FIG. 9 is a graph illustrating a relationship between
θ1 and the amount of oil outflow.
FIG. 10 is a graph illustrating a relationship between
H/h1 and the amount of oil outflow.
FIG. 11 is a graph illustrating a relationship between
D and the amount of oil outflow.
FIG. 12 is a view illustrating analysis results of the
flow distribution of oil.

DESCRIPTION OF EMBODIMENTS

[0015] Hereinafter, embodiments of the present inven-
tion will be described with reference to the drawings. In
the embodiments described below, the present invention
is applied to a second ring as an example of a piston ring.
The second ring, in an internal combustion engine in
which a plurality of compression rings are mounted on a
piston, is a compression ring mounted at a second posi-
tion from a combustion chamber side among the plurality
of compression rings. However, the piston ring according
to the present invention is not limited to the second ring.
The present invention may be applied to a top ring, which
is a compression ring mounted at a position closest to a
combustion chamber, or to an oil ring mounted at a po-
sition farthest from the combustion chamber. In addition,
the configurations described in the following embodi-
ments are not intended to limit the technical scope of the
invention only thereto unless otherwise specified.
[0016] In the following description, a "circumferential
direction" refers to a circumferential direction of the piston
ring unless otherwise specified. A "radial direction" refers
to a radial direction of the piston ring unless otherwise
specified. A "radially inner side" refers to an inner circum-
ferential surface side of the piston ring, and a "radially
outer side" refers to a side opposite thereto. An "axial
direction" refers to a direction along a central axis of the
piston ring unless otherwise specified. An "upper wall
surface" of a ring groove of a piston refers to an inner
wall of the ring groove on a combustion chamber side,
and a "lower wall surface" refers to an inner wall of the
ring groove on a crank chamber side.

3 4 
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[Internal Combustion Engine]

[0017] FIG. 1 is a cross-sectional illustrating a part of
an internal combustion engine 100 including a second
ring 40 according to an embodiment. In FIG. 1, a cross
section along a central axis of a piston denoted by refer-
ence numeral 20 is illustrated. As illustrated in FIG. 1,
the internal combustion engine 100 according to the first
embodiment includes a cylinder 10, a piston 20 mounted
(inserted) in the cylinder 10, and a plurality of piston rings
30, 40, 50 mounted on the piston 20. In the internal com-
bustion engine 100 according to the embodiment, two
compression rings (the top ring 30 and the second ring
40) and one oil ring 50 are mounted on the piston 20. Of
the two compression rings, the top ring 30 is mounted at
a position closest to the combustion chamber, and the
second ring 40 is mounted at a second position from the
combustion chamber side. The oil ring 50 is mounted at
a position farthest from the combustion chamber.
[0018] As illustrated in FIG. 1, in the internal combus-
tion engine 100, a clearance PC1 is formed by ensuring
a predetermined separation distance between an outer
circumferential surface 20a of the piston 20 and an inner
wall surface 10a of the cylinder 10. In addition, on the
outer circumferential surface 20a of the piston 20, a first
ring groove 201, a second ring groove 202, and a third
ring groove 203 are formed in this order from the upper
side (combustion chamber side) at predetermined inter-
vals in the axial direction of the piston 20. The ring
grooves 201 through 203 are formed in the entire circum-
ference of the outer circumferential surface 20a as
grooves extending annularly around the axis of the piston
20. As illustrated in FIG. 1, each ring groove is formed
to include a pair of upper and lower groove walls (inner
walls) opposed to each other in the vertical direction. Of
the pair of groove walls, the upper groove wall is referred
to as an upper wall surface W1, and the lower groove
wall is referred to as a lower wall surface W2. Also, in
each ring groove, a groove wall that connects an inner
peripheral edge of the upper wall surface W1 and an
inner peripheral edge of the lower wall surface W2 is
referred to as a bottom wall surface W3. As illustrated in
FIG. 1, the top ring 30 is mounted in the first ring groove
201, the second ring 40 is mounted in the second ring
groove 202, and the oil ring 50 is mounted in the third
ring groove 203. Further, due to the formation of the ring
grooves 201 through 203 on the piston 20, a top land L1,
a second land L2, and a third land L3 are defined on the
piston 20 in order from the combustion chamber side.
Note that in this description, a state in which the respec-
tive piston rings are mounted on the piston 20 and the
piston 20 is fitted into the cylinder 10 as illustrated in FIG.
1 may be referred to as a "use state".
[0019] The top ring 30 and the second ring 40 are com-
pression rings, which are a type of piston rings, and are
assembled to the piston fitted in the cylinder of the internal
combustion engine, and slides on the inner wall surface
of the cylinder in accordance with reciprocating motion

of the piston. The top ring 30 and the second ring 40 are
self-tensioned so that they press against the inner wall
surface 10a of the cylinder 10 when mounted in the ring
grooves. The oil ring 50 is a so-called three piece type
oil ring, which is a type of piston ring, and includes a pair
of segments 501, 501 that slide on the inner wall surface
10a of the cylinder 10, and a spacer expander 502 that
urges these segments outward in the radial direction (to-
ward the inner wall surface 10a side). Hereinafter, the
second ring 40, which is an example of the piston ring
according to the present invention will be described in
detail.

[Second Ring]

[0020] As illustrated in FIG. 1, the second ring 40 has
an outer circumferential surface 1, an inner circumferen-
tial surface 2, an upper surface 3, and a lower surface 4.
The outer circumferential surface 1 is a surface provided
on the outer circumference of the second ring 40. The
inner circumferential surface 2 is a surface provided on
the inner circumference of the second ring 40. The upper
surface 3 is an end surface facing the upper side (com-
bustion chamber side) in the internal combustion engine
100 among the axial end surfaces of 40. The lower sur-
face 4 is an end surface facing the lower side (crank
chamber side) in the internal combustion engine 100 (use
state) among the axial end surfaces of 40. A width in the
axial direction of the second ring 40 (hereinafter, also
referred to as an axial width) is defined by the upper sur-
face 3 and the lower surface 4. An the use state of the
second ring 40, the upper surface 3 thereof faces the
upper wall surface W1 of the second ring groove 202,
the lower surface 4 thereof faces the lower wall surface
W2 of the second ring groove 202, the outer circumfer-
ential surface 1 thereof is in sliding contact with the inner
wall surface 10a of the cylinder 10, and the inner circum-
ferential surface 2 faces a bottom wall surface W3 of the
second ring groove 202. The second ring 40 has an an-
nular shape in which an abutment joint (not shown) is
formed. In addition, the second ring 40 is self-tensioned
so that the outer circumferential surface 1 thereof press-
es against the inner wall surface 10a of the cylinder 10
when the second ring 40 is mounted in the second ring
groove 202. Further, as illustrated in FIG. 1, the second
ring 40 has an undercut shape in which a notched portion
(undercut) denoted by reference numeral 5 is formed in
a lower portion of the outer circumference of the second
ring 40. The notched portion 5 extends in the circumfer-
ential direction of the second ring 40, and is formed over
the entire circumference of the second ring 40. In the use
state, the notched portion 5 serves as an oil reservoir,
and when the second ring 40 scrapes off the oil in the
clearance PC1 during the descent of the piston 20, the
oil is buffered in the notched portion 5, thereby suppress-
ing a rise in the oil pressure. As a result, good oil scraping
performance can be obtained. Note that the notched por-
tion 5 does not need to be formed over the entire circum-
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ference of the second ring 40, and for example, the
notched portion 5 may not be formed in the vicinity of the
abutment portion. That is, the notched portion 5 may be
formed in the second ring 40 except abutment ends there-
of forming the abutment portion. Thus, gas sealing per-
formance can be enhanced.
[0021] FIG. 2 is a cross-sectional view for explaining
the outer circumferential surface 1 of the second ring 40
according to the embodiment. In FIG. 2, a part of a cross
section orthogonal to the circumferential direction of the
second ring 40 is illustrated. As illustrated in FIG. 2, the
outer circumferential surface 1 of the second ring 40 has
a tapered surface 11, a cut surface 12, and a connecting
surface 13.
[0022] As illustrated in FIG. 2, the tapered surface 11
is a surface that includes an outer circumferential end
portion 1a denoted by reference sign 1a, and slides on
the inner wall surface 10a of the cylinder 10 in the internal-
combustion engine 100. The outer circumferential end
portion 1a is a maximum-diameter portion of the second
ring 40 in a cross section orthogonal to the circumferential
direction of the second ring 40. The outer circumferential
end portion 1a illustrated in FIG. 2 is formed as an edge,
but may also be formed as a rounded surface. The ta-
pered surface 11 is inclined to approach the central axis
of the second ring 40 (i.e., to reduce the diameter) as it
extends upward (toward the combustion chamber side)
from the outer circumferential end portion 1a with the
outer circumferential end portion 1a as a lower edge.
Thus, the outer circumferential shape of the second ring
40 according to the embodiment is a tapered undercut
shape. The tapered surface 11 corresponds to an "outer
circumferential end surface" according to the present in-
vention. The outer circumferential end surface according
to the present invention may be a straight surface having
a uniform outer diameter regardless of the position in the
axial direction. In this case, the entire straight surface is
the outer circumferential end portion. In addition, the out-
er circumferential end surface according to the present
invention may have a barrel shape curved to be convex
outward in the radial direction. In this case, the apex of
the barrel shape is the outer circumferential end portion,
and an undercut is formed downward from the apex.
[0023] As illustrated in FIG. 2, the connecting surface
13 connects the upper edge of the tapered surface 11
and the outer circumferential edge of the upper surface
3. Note that in the present invention, the connecting sur-
face 13 is not an essential component.
[0024] As illustrated in FIG. 2, the cut surface 12 is
provided so as to form the notched portion 5 between
the tapered surface 11 and the lower surface 4, and con-
nects the tapered surface 11 and the lower surface 4.
The cut surface 12 is configured to include a bottom por-
tion B1, a first surface 121, a second surface 122, a third
surface 123, and a lower R surface 124.
[0025] As illustrated in FIG. 2, the bottom portion B1
is a portion of the cut surface 12 that is positioned on the
innermost side in the radial direction of the second ring

40. In other words, the bottom portion B1 is a portion of
the cut surface 12 that is closest to the center line of the
second ring 40 and that constitutes the deepest portion
of the notched portion 5.
[0026] As illustrated in FIG. 2, the first surface 121 is
a surface provided between the tapered surface 11 and
the bottom portion B1, and faces (or is directed toward)
the lower side (the crank chamber side). At this time, the
first surface 121 according to the present example is ar-
ranged parallel to the lower surface 4 and orthogonal to
the axial direction of the second ring 40. Since the first
surface 121 is parallel to the lower surface 4, it is easy
to machine the notched portion 5 (cut surface 12). In ad-
dition, the outer circumferential edge of the first surface
121 is connected to the outer circumferential end portion
1a which is the lower edge of the tapered surface 11.
However, the present invention is not limited to this. The
first surface 121 may be inclined with respect to the lower
surface 4. Further, another surface (e.g., an R surface)
may be interposed between the first surface 121 and the
tapered surface 11.
[0027] As illustrated in FIG. 2, the second surface 122
is a surface arranged between the bottom portion B1 and
the lower surface 4, and faces (is directed) outward in
the radial direction of the second ring 40 (the inner wall
surface 10a side of the cylinder 10). The second surface
122 is inclined away from the central axis of the second
ring 40 in a direction toward the lower side (the crank
chamber side). Here, as illustrated in FIG. 2, let θ1 be an
angle of a corner formed by the second surface 122 and
the lower surface 4 in a cross section orthogonal to the
circumferential direction of the second ring 40, i.e., an
angle of inclination of the second surface 122 with respect
to the lower surface 4. In the second ring 40 according
to the embodiment, θ1 is an acute angle. More precisely,
θ1 is set such that 50° ≤ θ1 ≤ 85°.
[0028] As illustrated in FIG. 2, the third surface 123 is
a surface connecting the first surface 121 and the second
surface 122. The third surface 123 includes the bottom
portion B1. The third surface 123 is curved in a concave
shape. The third surface 123 according to the embodi-
ment is an R surface formed in an arc shape, and a radius
of curvature R1 thereof is constant in the entire region of
the third surface 123. In other words, the third surface
123 according to the embodiment is formed by a single
arc in which the curvature thereof does not change. In
the second ring 40 according to the embodiment, R1 is
set such that 0.05 mm ≤ R1 ≤ 0.2. However, the present
invention is not limited to this. Note that in the present
invention, the shape of the third surface is not limited to
an arc shape. For example, the third surface may be
formed such that the curvature thereof partially changes.
[0029] As illustrated in FIG. 2, the lower R surface 124
connects the lower edge of the second surface 122 and
the outer circumferential edge of the lower surface 4. The
lower R surface 124 is a so-called corner R, and is formed
in an arc shape so as to be convex in a cross section
orthogonal to the circumferential direction of the second
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ring 40. As illustrated in FIG. 2, let r1 be the radius of
curvature of the lower R surface 124. Note that in the
present invention, the lower R surface 124 is not an es-
sential component.
[0030] Here, as illustrated in FIG. 2, let h1 be the axial
width of the second ring 40. In addition, in FIG. 2, refer-
ence sign 12a denotes a connecting portion between the
cut surface 12 and the tapered surface 11, and reference
sign 12b denotes a connecting portion between the cut
surface 12 and the lower surface 4. In the second ring
40 according to the embodiment, the connecting portion
12a coincides with the outer circumferential end portion
1a. In this case, let H be a distance between the con-
necting portion 12a and the connecting portion 12b in the
axial direction of the second ring 40, and let D be a dis-
tance between the connecting portion 12a and the con-
necting portion 12b in the radial direction of the second
ring 40. In the second ring 40 according to the embodi-
ment, h1 and H are set such that 0.2 ≤ H/h1 ≤ 0.4. Note
that the range of h1 is not particularly limited, but for ex-
ample, 0.8 mm ≤ h1 ≤ 2.5 mm is preferred.

[Oil Sealing Performance]

[0031] Hereinafter, oil scraping performance of the
second ring 40 according to the embodiment will be de-
scribed. FIG. 3 is a cross-sectional view of the vicinity of
the second ring 40 when the piston 20 is on a downward
stroke in the internal combustion engine 100 according
to the embodiment. FIG. 4 is a cross-sectional view of
the vicinity of a second ring 60 when a piston 20 is on a
downward stroke in an internal combustion engine 200
according to Comparative Example 1. FIG. 3 and FIG. 4
illustrate cross-sections along the central axis of each
piston 20. The internal combustion engine 200 according
to Comparative Example 1 illustrated in FIG. 4 differs
from the internal combustion engine 100 according to the
embodiment in that the conventional second ring 60 hav-
ing a tapered undercut shape is mounted in a second
ring groove 202 of the piston 20, instead of the second
ring 40 according to the embodiment. Here, reference
sign F1 in FIGS. 3 and 4 indicates a relative flow of a part
of the oil existing on the inner wall surface 10a of the
cylinder 10 with respect to the piston 20. Further, refer-
ence sign C1 indicates a chamfered portion formed be-
tween the lower wall surface W2 of the second ring
groove 202 and the outer circumferential surface 20a of
the piston 20.
[0032] As illustrated in FIG. 4, in the internal combus-
tion engine 200 according to Comparative Example 1, a
part of the oil scraped off by the second ring 60 may flow
on the surface of its undercut. In that case, the part of
the oil may hit the chamfered portion C1 of the second
ring groove 202 without being dropped into the clearance
PC1, and may flow into a space between the lower sur-
face 4 of the second ring 60 and the lower wall surface
W2 of the second ring groove 202. Therefore, in Com-
parative Example 1, the part of the oil that has flowed

into the space between the lower surface 4 of the second
ring 60 and the lower wall surface W2 of the second ring
groove 202 may flow out to the combustion chamber side,
which may increase the amount of oil consumption.
[0033] In contrast to this, in the internal combustion
engine 100 according to the embodiment, the outer cir-
cumferential surface 1 of the second ring 40 has the sec-
ond surface 122 inclined at an angle of 50° or more and
85° or less with respect to the lower surface 4 as de-
scribed above. Therefore, as illustrated in FIG. 3, a part
of the oil scraped off by the second ring 40 flows from
the bottom portion B1 along the slope of the second sur-
face 122 and is thereby released to the outer circumfer-
ential side of the second ring 40. As a result, the part of
the oil is dropped into the clearance PC1 of the third land
L3 and flows to the crank chamber side. This prevents
the oil from flowing between the lower surface 4 of the
second ring 40 and the lower wall surface W2 of the sec-
ond ring groove 202.

[Operation and Effect]

[0034] As described above, the cut surface 12 forming
the notched portion 5 in the second ring 40 according to
the embodiment includes the above-mentioned second
surface 122 which is provided between the bottom por-
tion B1 and the lower surface 4 and faces outward in the
radial direction, and the second surface 122 is inclined
away from the central axis of the second ring 40 toward
the lower side, and the angle of inclination θ1 with respect
to the lower surface 4 is greater than or equal to 50° and
less than or equal to 85°. Further, in the second ring 40
according to the embodiment, H/h1 is greater than or
equal to 0.2 and less than or equal to 0.4.
[0035] If θ1 is less than 50°, the oil flowing along the
second surface 122 may hit the inner wall surface 10a
of the cylinder 10, and the oil may not be dropped smooth-
ly into the piston clearance PC1. On the other hand, if θ1
is greater than 85°, there is a possibility that the oil flowing
along the second surface 122 will not be dropped into
the clearance PC1 and may flow into between the lower
surface of the second ring 60 and the lower wall surface
W2 of the second ring groove 202. By setting 50° ≤ θ1 ≤
85°, the second ring 40 according to the embodiment
allows the oil flowing along the slope of the second sur-
face 122 to escape to the outer circumferential side of
the second ring 40, thereby facilitating the oil to drop into
the clearance PC1. Note that it is more preferable to set
θ1 such that 50° ≤ θ1 ≤ 80°, and even more preferably,
60° ≤ θ1 ≤ 80°.
[0036] In addition, if H/h1 is smaller than 0.2, the vol-
ume of the notched portion 5 cannot be sufficiently se-
cured, and the oil scraping performance is reduced. Fur-
ther, if H/h1 is greater than 0.4, the axial width of the
tapered surface 11, which is a surface sliding on the inner
wall surface 10a of the cylinder 10, cannot be sufficiently
secured. By setting 0.2 ≤ H/h1 ≤ 0.4, the second ring 40
according to the embodiment can secure the axial width
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of the sliding surface while suppressing the reduction in
the amount of oil scraped off. Note that H/h1 is more
preferably set such that 0.2 ≤ H/h1 ≤ 0.3.
[0037] Thus, the second ring 40 according to the em-
bodiment, which is configured as described above, can
improve the oil sealing performance and reduce the oil
consumption of the internal combustion engine 100.
[0038] Here, note that from the viewpoint of improving
the oil sealing performance, the radius of curvature r1 of
the lower R surface 124 is preferably set to 0.01 mm ≤
r1 ≤ 0.2 mm, and more preferably 0.05 mm ≤ r1 ≤ 0.2
mm. Also, from the same viewpoint, D is more preferably
set to 0.2 mm ≤ D ≤ 0.6 mm, and still more preferably,
0.2 mm ≤ D ≤ 0.5 mm. In addition, from the same view-
point, H is more preferably set to 0.2 mm ≤ H ≤ 0.6 mm.
However, the present invention is not limited to these
numerical values. If r1 is less than 0.01 mm, chipping
may occur at corner portions during the grinding of the
lower surface 4 of the second ring 40. If r1 is greater than
0.2 mm, the proportion of the second surface 122 in the
entire cut surface 12 is reduced. As a result, it is consid-
ered that the amount of oil flowing on the ring lower sur-
face and the amount of oil riding up on the piston chamfer
increase (i.e., oil is guided to the ring lower surface by
the enlargement of r1), and the amount of oil dropped to
the crank chamber side decreases.
[0039] In the second ring 40 according to the embod-
iment, the cut surface 12 includes the third surface 123
that includes the bottom portion B1 and connects the first
surface 121 and the second surface 122 to each other,
the third surface 123 is curved in a concave shape, and
the radius of curvature of the third surface 123 is greater
than or equal to 0.05 mm and less than or equal to 0.2
mm. According to this, a part of the oil scraped off by the
second ring 40 flows along the curvature of the third sur-
face 123, and hence is easily guided to the second sur-
face 122. Thus, the oil can be easily dropped into the
clearance PC1, so that the oil consumption can be further
reduced.

[Modification]

[0040] FIG. 5 is a cross-sectional view for explaining
an outer circumferential surface 1 of a second ring 40A
according to a modification of the above embodiment.
FIG. 5 illustrates a part of a cross section orthogonal to
the circumferential direction of the second ring 40A. As
illustrated in FIG. 5, the second ring 40A is different from
the above-described second ring 40 in that a first surface
121 of a cut surface 12 is inclined with respect to a lower
surface 4.
[0041] As illustrated in FIG. 5, in the second ring 40A
according to the modification, the first surface 121 is in-
clined away from the crank chamber as it extends inward
in the radial direction of the second ring 40A. Here, as
illustrated in FIG. 5, in a cross section orthogonal to the
circumferential direction of the second ring 40, let θ2 be
an angle of inclination of the first surface 121 with respect

to the lower surface 4. In the second ring 40A according
to the modification, θ2 is set such that 0° < θ2 ≤ 30°. Note
that θ2 may be set in a range of, for example, 0.5° ≤ θ2
≤ 30°.
[0042] In the second ring 40A according to the modifi-
cation, since the first surface 121 is inclined as described
above, a part of the oil scraped off by the second ring
40A flows along the slope of the first surface 121 and is
easily guided to the second surface 122. Thus, the oil
can be easily dropped into the clearance PC1, so that
the oil consumption can be further reduced.

<Oil Sealing Performance Evaluation>

[0043] The oil sealing performance of the second ring
according to the embodiment was evaluated by analysis
using analytical software. In the evaluation of the sealing
performance, the amount of oil flowing out during the
downward stroke of the piston in the internal combustion
engine was analyzed.

[Comparison By Shape]

[0044] As Examples 1 and 2, the oil sealing perform-
ances of second rings 40 according to the embodiment
illustrated in FIG. 2 were evaluated. In Example 1, a sec-
ond ring with h1 = 1.5 mm, H = 0.3 mm, H/h1 = 0.2, D =
0.4 mm, θ1 = 80°, and θ2 = 0° was used. In Example 2,
a second ring with h1 = 1.5 mm, H = 0.3 mm, H/h1 = 0.2,
D = 0.4 mm, θ1 = 70°, and θ2 = 0° was used. Further, as
Examples 3 and 4, the oil sealing performances of second
rings 40A according to the modification of the embodi-
ment illustrated in FIG. 5 were evaluated. In Example 3,
a second ring with h1 = 1.5 mm, H = 0.3 mm, H/h1 = 0.2,
D = 0.4 mm, θ1 = 83°, and θ2 = 13.5° was used. In Ex-
ample 4, a second ring with h1 = 1.5 mm, H = 0.3 mm,
H/h1 = 0.2, D = 0.4 mm, θ1 = 80°, and θ2 = 10° was used.
As Comparative Example 1, the oil sealing performance
of the second ring 60 according to Comparative Example
1 illustrated in FIG. 4 was evaluated. Also, as Compar-
ative Example 2, the oil sealing performance of a second
ring disclosed in Patent Literature 3 (International Publi-
cation WO 2016/121483) was evaluated. FIG. 6 is a
cross-sectional view of a second ring 70 according to
Comparative Example 2. As Comparative Example 3,
the oil sealing performance of a second ring having a so-
called Napier shape was evaluated. FIG. 7 is a cross-
sectional view of a second ring 80 according to Compar-
ative Example 3. FIG. 6 and FIG. 7 illustrate cross sec-
tions orthogonal to the circumferential direction.

[Comparison Results]

[0045] FIG. 8 is a graph illustrating the analysis results
of the amounts of oil outflow. FIG. 8 illustrates the ratios
of the amounts of oil outflow relative to that in Compar-
ative Example 1. The ratios of the amounts of oil outflow
represented by the vertical axis in FIG. 8 is the ratios of
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the amounts of oil flowing out between the lower surface
of the second ring and the lower wall surface of the ring
groove. As illustrated in FIG. 8, with respect to the amount
of oil flowing out between the lower surface of the second
ring and the lower wall surface of the ring groove, the
ratios of Comparative Examples 2 and 3 to Comparative
Example 1 were 1.59 and 1.18, respectively. In addition,
the ratios of Examples 1 through 4 to Comparative Ex-
ample 1 were 0.77, 0.32, 0.68, and 0.59, respectively.
From the analysis results of FIG. 8, it is found that the
amounts of oil flowing out between the lower surface of
the second ring and the lower wall surface of the ring
groove are reduced in Examples 1 through 4 as com-
pared with Comparative Examples 1 through 3.

[Parameter Evaluation]

[0046] In the second ring 40 according to the embod-
iment, the oil sealing performance was evaluated when
the angle of inclination θ1 and H/h1 were varied. FIG. 9
is a graph illustrating a relationship between θ1 and the
amount of oil outflow. In FIG. 9, there is illustrated the
relationship between θ1 and the amount of oil outflow
with h1 = 1.5 mm, H = 0.3 mm, H/h1 = 0.2, D = 0.4 mm,
θ2 = 0°, and θ1 = 40°, 45°, 50°, 60°, 70°, 80°, 85°, and
90°. The amount of oil outflow, represented by the vertical
axis in FIG. 9, is the amount of oil that flows out between
the lower surface of the second ring and the lower wall
surface of the ring groove. As illustrated in FIG. 9, it is
found that the amount of oil flowing out between the lower
surface of the second ring and the lower wall surface of
the ring groove is reduced when θ1 is around 70°. Also,
FIG. 10 is a graph illustrating a relationship between H/h1
and the amount of oil outflow. FIG. 10 illustrates the re-
lationship between H/h1 and the amount of oil outflow
when H/h1 = 0.15, 0.2, 0.3, 0.4, and 0.45 in the second
ring according to the embodiment. The amount of oil out-
flow, represented by the vertical axis in FIG. 10, is the
amount of oil that flows out to the second land through
the space between the outer circumferential surface of
the second ring and the inner wall surface of the cylinder.
As illustrated in FIG. 10, the amount of oil flowing out to
the second land is relatively smaller in the cases of H/h1
= 0.2, 0.3, and 0.4 than in the cases of H/h1 = 0.15 and
0.45. Thus, it is found that the amount of oil flowing out
to the second land is reduced by setting H/h1 to 0.2 or
more and 0.4 or less. In addition, FIG. 11 is a graph il-
lustrating a relationship between D and the amount of oil
outflow. FIG. 11 illustrates the relationship between D
and the amount of oil outflow when D = 0.05 mm, 0.1
mm, 0.2 mm, 0.3 mm, and 0.5 mm in the second ring
according to the embodiment. The amount of oil outflow,
represented by the vertical axis in FIG. 11, is the amount
of oil that flows out between the lower surface of the sec-
ond ring and the lower wall surface of the ring groove.
As illustrated in FIG. 11, it is found that the amount of oil
flowing out between the lower surface of the second ring
and the lower wall surface of the ring groove is reduced

in the range of 0.2 mm ≤ D ≤ 0.5 mm. In particular, it is
found that the amount of oil outflow is the smallest when
D is in the vicinity of 0.3 mm. That is, in the range of D <
0.3 mm, the amount of oil outflow increases as D de-
creases. This is considered to be because the oil on the
inner wall surface of the cylinder and the oil in the under-
cut portion (notched portion) of the ring interfere with each
other to generate a vortex of the oil, and the oil having a
reduced flow velocity flows along the lower surface of the
ring. Further, in the range of D > 0.3 mm, the amount of
oil outflow increases as D increases. This is considered
to be because the amount of oil flowing along the lower
surface of the ring increases due to an increase in the
amount of oil hitting the chamfered portion of the piston.

<Flow Distribution Evaluation>

[0047] The flow of oil was analyzed by analytical soft-
ware when the second ring according to the embodiment
was used. FIG. 12 is a view illustrating analysis results
of flow distributions of oil in the vicinity of the second ring
of the internal combustion engine on the downward
stroke of the piston. In FIG. 12, the gradation scale of
"Volume Fraction of Oil" represents the volume fraction
of oil. In the analysis results in FIG. 12, black areas have
a low proportion of oil (more air) and white areas have a
high proportion of oil (more oil).
[0048] In FIG. 12, the respective flow distributions for
Example 2, Comparative Example 2, and Comparative
Example 3 described above are illustrated. As illustrated
in FIG. 12, it can be seen that the amount of oil flowing
out between the lower surface of the second ring and the
lower wall surface of the ring groove is small in Example
2, compared to Comparative Example 2 and Compara-
tive Example 3.
[0049] Although the preferred forms of embodiment of
the present invention have been described above, the
above-described various forms can be combined with
one another as long as such combinations are possible
and appropriate. Note that although the subject of appli-
cation of the invention is not limited, the piston ring ac-
cording to the present invention can be suitably applied
to a spark-ignition engine, as exemplified by a gasoline
engine, among internal combustion engines. However,
the piston ring according to the present invention may be
applied to a compression ignition engine, as exemplified
by a diesel engine. In addition, when the piston ring ac-
cording to the present invention is applied to a spark ig-
nition engine as a second ring, it is particularly desirable
to have the outer circumference of a top ring in the shape
of a barrel and the outer circumference of a segment of
an oil ring in the shape of a barrel, as illustrated in FIG.
1. Thus, the gas sealing performance and the oil sealing
performance can be secured while suppressing an in-
crease in friction. It should be noted that the "barrel
shape" refers to an outer circumferential surface shape
of the piston ring which is curved so as to be convex
outward in the radial direction including an apex having
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a maximum diameter, and includes a symmetrical barrel
shape in which an apex thereof is positioned at the ver-
tical center and an eccentric barrel shape in which an
apex thereof is offset upward or downward from the ver-
tical center.

[Description of Symbols]

[0050]

1: outer circumferential surface
1a: outer circumferential end portion
11: tapered surface (example of outer circumferen-
tial end surface)
12: cut surface
121: first surface
122: second surface
123: third surface
2: inner circumferential surface
3: upper surface
4: lower surface
5: notched portion
10: cylinder
20: piston
40: second ring (example of piston ring)
100: internal combustion engine

Claims

1. A piston ring mounted on a piston of an internal com-
bustion engine, comprising:

an outer circumferential surface provided on an
outer circumference of the piston ring; an inner
circumferential surface provided on an inner cir-
cumference of the piston ring; an upper surface
facing a combustion chamber side in the internal
combustion engine among axial end surfaces of
the piston ring; and a lower surface positioned
on a crank chamber side in the internal combus-
tion engine among the axial end surfaces of the
piston ring; wherein
the outer circumferential surface includes: an
outer circumferential end surface including an
outer circumferential end portion having a max-
imum diameter in the piston ring in a cross sec-
tion orthogonal to a circumferential direction of
the the piston ring; and a cut surface connecting
the outer circumferential end surface and the
lower surface so as to form a notched portion
extending in the circumferential direction of the
piston ring between the outer circumferential
end surface and the lower surface;
the cut surface includes: a bottom portion posi-
tioned on an innermost side of the cut surface
in a radial direction of the piston ring; a first sur-
face provided between the outer circumferential

end surface and the bottom portion and facing
the crank chamber side; and a second surface
provided between the bottom portion and the
lower surface and facing outward in the radial
direction;
the second surface is inclined away from a cen-
tral axis of the piston ring as it extends toward
the crank chamber side;
an angle of inclination of the second surface with
respect to the lower surface in a cross section
orthogonal to the circumferential direction of the
piston ring is greater than or equal to 50° and
less than or equal to 85°; and
when an axial width of the piston ring is h1 and
a distance in an axial direction between a con-
necting portion between the cut surface and the
outer circumferential end surface and a connect-
ing portion between the cut surface and the low-
er surface is H, H/h1 is greater than or equal to
0.2 and less than or equal to 0.4.

2. The piston ring according to claim 1, wherein
when a distance in the radial direction of the piston
ring between the connecting portion of the cut sur-
face and the outer circumferential end surface and
the connecting portion of the cut surface and the low-
er surface is D, the distance D is 0.2 mm ≤ D ≤ 0.6
mm.

3. The piston ring according to claim 1 or 2, wherein

the first surface is inclined away from the crank
chamber as it extends inward in the radial direc-
tion of the piston ring; and
an angle of inclination of the first surface with
respect to the lower surface in the cross section
orthogonal to the circumferential direction of the
piston ring is less than or equal to 30°.

4. The piston ring according to any one of claims 1
through 3, wherein

the cut surface includes the bottom portion and
a third surface that connects the first surface and
the second surface;
the third surface is curved in a concave shape;
and
a radius of curvature of the third surface is great-
er than or equal to 0.05 mm and less than or
equal to 0.2 mm.

5. The piston ring according to any one of claims 1
through 4, wherein

the cut surface further includes a lower R surface
connecting the second surface and the lower
surface; and
a radius of curvature of the lower R surface is
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greater than or equal to 0.01 mm and less than
or equal to 0.2 mm.

6. The piston ring according to any one of claims 1
through 5, wherein
in the internal combustion engine in which a plurality
of compression rings are mounted on the piston, one
among the plurality of compression rings is formed
as a second ring mounted at a second position from
the combustion chamber side.
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